Immune T cells proliferate in response to antigen that is recognized in association with selfIa determinants. T cells from a patient with severe combined immunodeficiency that has been successfully reconstituted with haplotype-mismatched, maternal bone marrow were studied in an attempt to understand the development of Ia restriction of antigen recognition in man. All the patient's T cells were of maternal origin as determined by HLA typing. The patient received a series of three immunizations with tetanus toxoid (TT) antigen between the 6th and 14th week posttransplant. TT-specific T cell lines were established from the patient's peripheral blood at 6 and 8 mo posttransplantation and were maintained in culture in the presence of irradiated monocytes from the patient, TT antigen, and interleukin-2. HLA typing of the two T cell lines revealed them to be exclusively of donor origin. Both T cell lines could proliferate to TT in the presence of monocytes derived from either the patient's mother or father. In contrast, a TT-specific T cell line obtained from the patient's mother proliferated to TT in the presence of autologous monocytes, but not in the presence of monocytes derived from the patient's father. Studies using monocytes from a panel of HLAtyped donors indicated that the patient's T cell lines proliferated to TT in the presence of monocytes that expressed the paternal DR 
A B S T R A C T Immune T cells proliferate in response to antigen that is recognized in association with selfIa determinants. T cells from a patient with severe combined immunodeficiency that has been successfully reconstituted with haplotype-mismatched, maternal bone marrow were studied in an attempt to understand the development of Ia restriction of antigen recognition in man. All the patient's T cells were of maternal origin as determined by HLA typing. The patient received a series of three immunizations with tetanus toxoid (TT) antigen between the 6th and 14th week posttransplant. TT-specific T cell lines were established from the patient's peripheral blood at 6 and 8 mo posttransplantation and were maintained in culture in the presence of irradiated monocytes from the patient, TT antigen, and interleukin-2. HLA typing of the two T cell lines revealed them to be exclusively of donor origin. Both T cell lines could proliferate to TT in the presence of monocytes derived from either the patient's mother or father. In contrast, a TT-specific T cell line obtained from the patient's mother proliferated to TT in the presence of autologous monocytes, but not in the presence of monocytes derived from the patient's father. Studies using monocytes from a panel of HLA-typed donors indicated that the patient's T cell lines proliferated to TT in the presence of monocytes that expressed the paternal DR antigen (HLA-DR4) inherited by the patient but not in the presence of monocytes that expressed the paternal DR antigen (HLA-DR1) not Interleukin-2 (IL-2) containing supernatants was generated as follows. PBMC, which were depleted of monocytes by adherence to plastic petri dishes overnight, were irradiated with 1,000 R and suspended at 1 x 106 cells/ml RPMI 1640 medium supplemented with 2% AB serum and containing 1% phytohemagglutinin-M (Difco Laboratories Inc., Detroit, MI). After a 48-h incubation, the cells were centrifuged at 200 g for 10 min and the supernatants were collected and passed through a 0.45-Am filter. Supernatants were stored at 4°C.
Establishment of TT-specific T cell lines. TT-specific T cell lines were established as described in reference 13 from PBMC isolated from the patient at 6 and 8 mo after successful bone marrow transplantation and from PBMC that were isolated from the donor after primary immunization with three doses of TT antigen. Briefly, PBMC were cultured at 106 cells/ml in RPMI 1640 medium with 10% AB+ serum (complete medium) and 20 Mg TT/ml. 7 Surface markers. Cell surface markers were analyzed by indirect immunofluorescence using the monoclonal antibodies OKT3, OKT4, OKT8, OKM1, and anti-Ia (Ortho Pharmaceutical Co., Raritan, NJ) as described in reference 14 and using goat antisera to human immunoglobulins as in reference 15.
HLA-DR typing. HLA-DR typing of PBMC and of monocytes was performed by the laboratory of Dr. Ed Yunis by previously described cytotoxicity methods (16) .
RESULTS
Specificity of the T cell lines to TT antigen. The specificity of the two T cell lines derived from the patient for TT antigen is shown in Table I (Table IV) .
DISCUSSION
The results of the present study indicate that T cells of donor origin, which are present in the circulation of a recipient who received haplotype-mismatched maternal bone marrow, appear to recognize TT antigen in association with DR (or DR-linked) determinants of both donor and recipient origin. The capacity of the chimera's T cells to recognize antigen in association with MHC antigens of the recipient is clearly demonstrated by the observation that maternal T cells residing in the recipient, but not maternal T cells residing in the mother, proliferated in response to TT antigen presented by paternal monocytes (Table II) . This could not be due to back stimulation of the T cells by soluble factors that were produced by irradiated cells from the father because purified monocytes and I The asterisks refer to the patient and to the subject who was the source of the normal T cell line. The family of the patient and that of a normal HLA-DR 1,7 donor are marked by boxes. Culture conditions are as described in Methods and in Table I . § Values represent means of triplicate cultures. SD are omitted for the sake of clarity.
not PBMC were used as antigen-presenting cells and because the father was not immune to TT antigen. This conclusion was supported by the observation that allogeneic monocytes that bear the HLA-DR4 antigen shared between the father and the recipient also presented antigen to the patient's T cells (Table III) . The demonstration that maternally derived T cells residing in the recipient 6 to 8 mo posttransplant recognized antigen in association with the paternally derived HLA-DR4 (or HLA-DR4-linked) determinant of the recipient has several implications. First, it demonstrates that in man, as in mice, "self"-Ia recognition Numbers in parentheses show percent cytotoxicity. The range refers to the percent cytotoxicity using different alloantisera to the particular specificity. Values of <25% were scored as negative.
is independent of the T cell MHC genotype and is influenced by the environment in which the T cell matures (5, 7, 8, 11) . Animal experiments indicate that a radioresistant host element dictates the self-Ia specificity of T helper cells (11, 17) . The major site for T cell education in self-recognition appears to be thymus, although extrathymic sites may play a role in this process (18, 19) . Second, the presence in the patient's T cell line of maternally derived T cells that recognized TT in the context of paternally derived HLA-DR4 suggested that, at the time of the study, the chimera possessed in her circulation monocytes of recipient origin that bore the HLA-DR4 antigen. Indeed, in the absence of such monocytes, HLA-DR4-restricted T cells could not have been propagated in culture. The presence of HLA-DR4+ monocytes in the patient's circulation was directly demonstrated by tissue typing 6 and 12 mo after transplant (Table IV) . In contrast, as early as 3 mo posttransplant, all the patient's erythrocytes and neutrophils as well as her T cells were solely of maternal origin (12) . Thus, the cytotoxic regimen used to prepare the recipient for transplantation (rabbit antilymphocyte serum, cyclophosphamide, and busulfan) did not result in the rapid elimination of cells of monocytic lineage. The relative resistance of cells of monocyte/macrophage to irradiation and their slow turnover is well documented in experimental animals (5-7, 17, 20) .
Third, T cells from the chimera were previously shown to be unreactive in mixed lymphocyte culture to the recipient's cells taken prior to transplant (12) . This unresponsiveness to paternally derived HLA antigens was not due to the presence of suppressor cells; it probably reflected the tolerance of maternal T cells maturing in the recipient for MHC antigens that were shared between recipient and father. The presence in the recipient of T cells that recognize antigen in association with the paternally derived HLA-DR4 (or HLA-DR4-linked) determinant to which they are tolerant suggests that in man, as in experimental animals, "self" tolerance and the ability to recognize self plus antigen develop together and probably involve the same mechanisms (21) . These mechanisms are thought to involve the loss of high affinity, self-reactive cells and the retention and subsequent release into the periphery of low affinity, self-reactive cells that crossreact with self plus antigen (22) .
The unexpected finding in our study was the observation that the chimera's T cell lines appeared to recognize TT in association with the HLA-DR5 antigen, which was present in the mother but not in the recipient. This is contrary to a vast body of evidence in experimental animals which suggests that antigen recognition by helper T cells of bone marrow chimeras is restricted by Ta antigens of recipient, but not of donor, origin (6, 11, 17) . A number of explanations may have accounted for the apparent ability of the chimera's T cells to recognize TT in association with the HLA-DR5 antigen present in the donor, but not in the recipient.
First, it was possible that residual mature T cells that have already learned to recognize HLA-DR5 as self were transferred in the three bone marrow inocula that this patient received from her mother. In the initial two unsuccessful attempts at reconstituting the patient, mature T cells may have been transferred, but not in numbers sufficient to cause an acute graftvs.-host disease. Although the third bone marrow inoculum contained <0.1% T3+ cells and failed to respond to phytohemagglutinin, it still contained enough mature functional T cells to cause a moderately severe acute graft-vs.-host disease which was terminated by in vivo infusion of monoclonal anti-T12 antibody (12) . The possibility that transferred, mature donor T cells persisted in the patient's circulation in substantial numbers is made less likely by the failure of the chimera's peripheral blood lymphocytes to proliferate in response to recipient alloantigens that were expressed on mononuclear cells collected prior to bone marrow transplantation.
A second explanation for our unexpected finding is that the T cells recognize TT antigen not in association with HLA-DR, but in association with I region gene product(s) which differ from HLA-DR. In this case, such I region gene products could be shared between the recipient and the two HLA-DR5 positive subjects whose monocytes presented TT antigen to the chimera's T cells. Recent data from various laboratories including ours strongly suggest that antigen recognition by human T cells is indeed restricted by I region gene products which differ from HLA-DR (23, 24) . 2 A final explanation for our unexpected finding is that clones within the TT-specific T cell line were recognizing TT in association with a determinant shared between HLA-DR5 and either HLA-DR3 or HLA-DR4. Recognition of antigen by an antigen-specific T cell hybridoma in association with different I-A antigens has been recently demonstrated (25) .
Whatever may be the basis for the recognition of TT in the context of HLA-DR5, this does not deny the importance of our major observation that donor T cells can cooperate with I region antigens of the recipient.
